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(57) ABSTRACT

The present invention provides a charge trapping non-volatile
semiconductor memory device and a method of making the
device. The charge trapping non-volatile semiconductor
memory device comprises a semiconductor substrate, a
source region, a drain region, and, consecutively formed over
the semiconductor substrate, a channel insulation layer, a
charge trapping layer, a blocking insulation layer, and a gate
electrode. The drain region includes a P-N junction, and the
source region includes a metal-semiconductor junction
formed between the semiconductor substrate and a metal
including titanium, cobalt, nickel, platinum or one of their
various combinations. The charge trapping non-volatile
semiconductor memory device according to the present dis-
closure has low programming voltage, fast programming
speed, low energy consumption, and relatively high device
reliability.
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Providing a semiconductor substrate, and forming consecutively on
the semiconductor substrate a channel insulation layer, a charge
trapping layer, a blocking insulation layer, and a gate electrode
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Forming consecutively a first metal layer, and a hard mask layer
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Forming a first opening and a second opening using
photolithography and etching

Depositing a first dielectric layer, filling partially the first opening and
completely the second opening
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Etching the first dielectric layer while retaining part of the first
dielectric layer on inner side walls of the first and second openings
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Implanting N-type ions followed with annealing to form a P-N
junction near a drain region corresponding to the second opening

Removing the first dielectric layer
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Depositing a second dielectric layer
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Etching the second dielectric layer, while retaining part of the second
dielectric layer on inner side walls of the first and second openings to
form sidewalls
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Depositing a second metal layer followed by annealing to cause the
second metal layer to react with the semiconductor substrate to
form metal silicide

S11

&

Removing unreacted portion of the second metal layer
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1
METHOD OF MAKING A CHARGE
TRAPPING NON-VOLATILE
SEMICONDUCTOR MEMORY DEVICE

TECHNICAL FIELD

The present invention is related to non-volatile memory
devices, and more particularly to a charge trapping non-vola-
tile semiconductor memory device and method of making the
same.

BACKGROUND

Non-volatile memory, due to its low energy consumption,
small volume, high density, re-programmability and other
characteristics, has wide applications in technology fields
such as mobile communications, data terminals, multi-media,
consumer electronics, defense electronic equipment, and so
on.

Non-volatile memory mainly includes floating-gate non-
volatile semiconductor memory and charge trapping non-
volatile semiconductor memory. A floating-gate non-volatile
semiconductor memory device stores charge in a floating gate
formed using polysilicon. Thus, any defects related to the
polysilicon floating gate can reduce charge retention time. On
the other hand, a charge trapping non-volatile semiconductor
memory device uses a nitride layer in place of the polysilicon.
Charge is stored in the nitride layer, which is less sensitive to
defects. Furthermore, compared to floating-gate non-volatile
semiconductor memory, charge trapping non-volatile semi-
conductor memory is more suitable for miniaturization.
Moreover, charge trapping non-volatile semiconductor
memory has other advantages such as separated storage
medium, thinner tunnel oxide layer, better data retention, and
complete compatibility with microelectronics fabrication
processes. Therefore, charge trapping non-volatile semicon-
ductor memory is now expected to gradually replace floating-
gate non-volatile semiconductor memory for sub-30 nm tech-
nologies.

Generally speaking, programming and erasure of a charge
trapping non-volatile semiconductor memory device are
done by hot-channel electron injection and hot-channel hole
injection. The programming of a charge trapping non-volatile
semiconductor memory device can be done by traditional
hot-channel electron injection near a drain terminal. The era-
sure of a charge trapping non-volatile semiconductor memory
device can be done by hot-channel hole injection near the
drain terminal. Currently, both source and drain terminals of
charge trapping non-volatile semiconductor memory devices
are structured as P-N junctions.

As the device sizes shrink further, however, the channel
length of the above mentioned charge trapping non-volatile
semiconductor memory devices becomes shorter. When both
source and drain of a charge trapping non-volatile semicon-
ductor memory device are structured as P-N junctions, it is
difficult to reduce the programming voltage, improve hot-
channel electron injection efficiency, increase programming
speed, and reduce energy consumption while still generating
sufficient hot-channel electron or hole injections near the
drain.

SUMMARY

Because of the above problems in conventional charge
trapping non-volatile semiconductor memory, there is a need
to provide low programming voltage, high programming
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speed, low-energy consumption and high reliability charge
trapping non-volatile semiconductor memory devices.

There is also a need to provide a method of making the low
programming voltage, high programming speed, low-energy
consumption and high reliability charge trapping non-volatile
semiconductor memory devices.

A charge trapping non-volatile semiconductor memory
device comprises a semiconductor substrate, a source region,
a drain region, and, sequentially formed over the semicon-
ductor substrate, a channel insulation layer, a charge trapping
layer, a blocking insulation layer, and a gate electrode. The
drain region includes a P-N junction. The source region
includes a metal-semiconductor junction formed between the
semiconductor substrate and a metal including one of tita-
nium, cobalt, nickel, and platinum, or a combination thereof.

Preferably, the charge trapping non-volatile semiconductor
memory device further includes a first metal layer formed
over the gate electrode.

Preferably, the charge trapping non-volatile semiconductor
memory device further includes a hard mask layer formed
over the first metal layer.

Preferably, the semiconductor substrate includes a drain
region and a source region. The channel insulation layer, the
charge trapping layer, the blocking insulation layer, the gate
electrode, the first metal layer, the hard mask layer being
sequentially formed over a region in the semiconductor sub-
strate other than the source region and the drain region.

Preferably, the charge trapping non-volatile semiconductor
memory device further includes sidewalls formed in respec-
tive openings, which are formed in spaces over the semicon-
ductor substrate corresponding to the source region and the
drain region. The sidewalls extend from sides of the channel
insulation layer to corresponding sides of the hard mask layer.

Preferably, the first metal layer includes tungsten or tung-
sten silicide.

A method of making the charge trapping non-volatile semi-
conductor memory device includes: providing a semiconduc-
tor substrate; forming in succession over the semiconductor
substrate a channel insulation layer, a charge trapping layer, a
blocking insulation layer, a gate electrode, a first metal layer,
and a hard mask layer; etching successively the hard mask
layer, the first metal layer, the gate electrode, the blocking
insulation layer, the charge-trapping layer, and the channel
insulation layer, thereby forming a first opening correspond-
ing to the drain region and a second opening corresponding to
the source region, each of the first and second openings
exposing the semiconductor substrate; forming a first dielec-
tric layer and etching the first dielectric layer while retaining
part of the first dielectric layer in the second opening;
implanting ions into the semiconductor substrate to form a
P-N junction at the drain region; removing the first dielectric
layer and forming sidewalls in the first and second openings,
which extend from sides of the channel insulation layer to
sides of the hard mask layer; forming a second metal layer to
form a metal-semiconductor junction corresponding to the
source region, the second metal layer including any one of a
titanium metal layer, a cobalt metal layer, a nickel metal layer,
and a platinum metal layer, or a combination thereof.

Preferably, a width of the first opening is larger than a width
of the second opening. Preferably, a thickness of the first
dielectric layer is larger than half the width of the second
opening but smaller than half the width of the first opening.

Preferably, the first dielectric layer is silicon dioxide, sili-
con nitride or a combination thereof.

Preferably, the semiconductor substrate is a P-type sub-
strate, and the ions implanted are N-type ions.
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Preferably, forming the sidewalls includes depositing a
second dielectric layer, etching part of the second dielectric
layer while retaining portions of the second dielectric layer
covering inside walls of the first and second openings to form
the sidewalls.

Preferably, an annealing process is used to cause the sec-
ond metal layer to react with the semiconductor substrate in
the second opening so as to form metal silicide, which con-
tacts the source region corresponding to the second opening
to form the metal-semiconductor junction.

Preferably, the method further comprises removing part of
the second metal layer that has not reacted with the semicon-
ductor substrate.

The drain region and source region of the charge trapping
non-volatile semiconductor memory device made using the
method of the present invention have a P-N junction and a
Schottky junction, respectively. The Schottky structure is
formed between the semiconductor substrate and a metal
including titanium, cobalt, nickel, platinum or a combination
thereof. The barrier of the Schottky junction should be rela-
tively low so that programming by hot electron injection near
the source region can be effectively performed. Therefore,
when using the charge trapping non-volatile semiconductor
memory device, only low gate voltage and low drain voltage
are needed to produce hot electrons near the source region,
resulting in high hot-electron injection efficiency, low pro-
gramming voltage, fast programming speed, and low energy
consumption. Furthermore, the asymmetrical source/drain
structure of the charge trapping non-volatile semiconductor
memory device helps to reduce diode leakage toward the
drain, increasing device reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional diagram illustrating a charge
trapping non-volatile semiconductor memory device accord-
ing to embodiments of the present disclosure.

FIG. 2 is flowchart illustrating a method of making the
charge trapping non-volatile semiconductor memory device
according to a preferred embodiment.

FIGS. 3 to 13 are cross-sectional diagrams illustrating
steps of the method of making the charge trapping non-vola-
tile semiconductor memory device.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Referring to FIG. 1, which shows a cross-sectional diagram
illustrating a charge trapping non-volatile semiconductor
memory device. The charge trapping non-volatile semicon-
ductor memory device 10 comprises a semiconductor sub-
strate 11, a channel insulation layer 12, a charge trapping
layer 13, a blocking insulation layer, 14, a gate electrode 15,
a first metal layer 16, a hard mask layer 17 and sidewalls 18.
A drain region 110 and a source region 111 are formed near a
surface of the semiconductor substrate 11. The channel insu-
lation layer 12, the charge trapping layer 13, the blocking
insulation layer, 14, the gate electrode 15, the first metal layer
16, and the hard mask layer 17 are consecutively formed on
the semiconductor substrate over areas of the surface of the
semiconductor substrate 11 other than the drain region 110
and the source region 111.

Formed in spaces above the semiconductor substrate 111
corresponding to the drain region 110 and the source region
111 are first opening 112 and second opening 114, respec-
tively. The sidewalls 18 are formed in the first and second
openings 112, 113, on sides of the layers from the channel
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insulation layer 12 to the hard mask layer 17. The drain region
11 has a contact hole (not shown) filled with a metal con-
nected to a bitline. The gate electrode 15 and the first metal
layer 16 together form a wordline (not shown).

Referring to FIGS. 2-13, FIG. 2 is flowchart illustrating a
method of making the charge trapping non-volatile semicon-
ductor memory device 10 according to a preferred embodi-
ment. FIGS. 3-13 are cross-sectional diagrams illustrating
steps of the method of making the charge trapping non-vola-
tile semiconductor memory device 10. The method of making
the charge trapping non-volatile semiconductor memory
device 10 comprises the following steps.

Referring to FIG. 3, in step S1, a semiconductor substrate
11 is provided, and a channel insulation layer 12, a charge
trapping layer 13, a blocking insulation layer, 14, and a gate
electrode 15 are consecutively formed over the semiconduc-
tor substrate 11. This multi-layered structure from the semi-
conductor substrate 11 to the gate electrode 15 is structured as
a silicon-oxide-nitride-oxide-silicon (SONOS) structure (not
shown). The semiconductor substrate 11 can be a P-type
semiconductor substrate. The channel insulation layer 12 can
be formed using silicon dioxide (SiO2). The charge-trapping
layer 13 can be formed using silicon nitride (Si3Ni4). The
gate electrode 15 can be a layer of polysilicon.

The channel insulation layer 12 can be formed by wet
oxidation or free-radical oxidation. The charge trapping layer
13 and the blocking isolation layer 14 can be formed by
atomic layer deposition (ALD), plasma enhanced ALD or
chemical vapor deposition (CVD) followed by rapid thermal
annealing (RTA).

Referring to FIG. 4, in step S2, a first metal layer 16 and a
hard mask layer 17 are formed consecutively over the gate
electrode 15. The first metal layer can include tungsten or
tungsten silicide. The first hard mask layer 17 can be a silicon
dioxide layer or silicon nitride layer.

Instep S3, photolithography is performed on the hard mask
layer 17, followed by etching of the hard mask layer 17, the
first metal layer 16 and the SONOS structure until corre-
sponding portions of the semiconductor substrate are
exposed, thereby forming the first opening 112 and the sec-
ond opening 113 illustrated in FIG. 5. A width L1 of the first
opening 112 is wider than a width L2 of the second opening
113.

Referring to FIG. 6, in step S4, the first dielectric layer 19
is deposited over the hard mask layer 17 and the exposed
portions of the semiconductor substrate. The first dielectric
layer can be a silicon dioxide layer, silicon nitride layer or a
combination thereof. A thickness of the first dielectric layer
19 is larger than [.2/2 but smaller than 1.1/2. Thus, the first
opening 112 is not completely filled while the second opening
113 is filled.

Referring to FIG. 7, in step S5, the first dielectric layer is
etched using an anisotropic dry etching process, which
removes part of the first dielectric layer covering the hard
mask and part of the first dielectric layer covering the sub-
strate in the first opening 112 while keeping part of the first
dielectric layer covering sidewalls in the first opening 112.

Referring to FIG. 8, in step S6, N-type dopant ions are
implanted into the semiconductor substrate having the hard
mask layer 17 and the first dielectric layer 19 formed thereon,
and annealing is performed to form a P-N junction at the drain
region 110 corresponding to the first opening 112.

Referring to FIG. 9, in step S7, an anisotropic etching
process is used to etch away the first dielectric layer 19,
thinning the hard mask layer 17 during the process.

Referring to FIG. 10, in step S8, a second dielectric layer 21
is deposited over the semiconductor substrate 11 and the hard
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mask layer 17. The second dielectric layer 21 can be silicon
dioxide, silicon nitride or a combination thereof. A thickness
of the second dielectric layer is smaller than [.2/2.

In step S9, an anisotropic etching process is used to etch
away part of the second dielectric layer 21 deposited on the
hard mask layer 17 and part of the second dielectric layer 21
deposited on the semiconductor substrate 11, while keeping
part ofthe second dielectric layer 21 deposited on inside walls
of'the firstand second openings 112, 113, thereby forming the
sidewalls illustrated in FIG. 11.

Referring to FIG. 12, in step S10, a second metal layer 22
is deposited over the semiconductor substrate 11, and an
annealing process is used to cause the second metal layer 22
to react with the semiconductor substrate in the two openings
112, 113 to form metal silicide. The second metal layer 22 can
be a titanium metal layer, a cobalt metal layer, a nickel metal
layer, and a platinum metal layer, or one of their various
combinations. The metal silicide contacts the semiconductor
substrate 11 at the source region 111 corresponding to the
second opening 113, thereby forming the metal-semiconduc-
tor junction (Schottky junction), as illustrated in FIG. 13,
while the semiconductor junction at the drain region 110 is a
P-N junction.

Referring to FIG. 13, in step S11, a wet etching process is
used to remove the second metal layer 22 that has not reacted
with the semiconductor substrate, and a third dielectric layer
(not shown) is deposited to form a contact hole (not shown) at
the second opening. The contact hole is to be filled with a
metal, which will be connected to a bitline later on. Lastly, the
gate electrode 15 and the first metal layer 16 together form a
word line, and the charge trapping non-volatile semiconduc-
tor memory device is thus formed. Furthermore, because the
resistivity of the first metal layer 16 is lower than that of the
gate electrode 15, the gate electrode mainly forms the word
line.

The drain region 110 and the source region 111 of the
charge trapping non-volatile semiconductor memory device
10 made using the method according to embodiments of the
present disclosure have a P-N junction and a Schottky junc-
tion, respectively. The Schottky structure is formed between
the semiconductor substrate and a metal including titanium,
cobalt, nickel, platinum or a combination thereof. The barrier
of the Schottky junction should be relatively low so that
programming by hot electron injection near the source region
can be effectively performed. Therefore, when using the
charge trapping non-volatile semiconductor memory device,
only low gate voltage and low drain voltage are needed to
produce hot electrons near the source region, resulting in high
hot-electron injection efficiency, low programming voltage,
fast programming speed, and low energy consumption.

Furthermore, the asymmetrical source/drain structure of
the charge trapping non-volatile semiconductor memory
device helps to reduce diode leakage toward the drain,
increasing device reliability.

While the foregoing description and drawings represent
the preferred embodiments of the present invention, it will be
understood that various additions, modifications and substi-
tutions may be made therein without departing from the spirit
and scope of the present invention as defined in the accom-
panying claims. In particular, it will be clear to those skilled in
the art that the present invention may be embodied in other
specific forms, structures, arrangements, proportions, and
with other elements, materials, and components, without
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departing from the spirit or essential characteristics thereof.
The presently disclosed embodiments are therefore to be
considered in all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended
claims, and not limited to the foregoing description.
What is claimed is:
1. A method of manufacturing a non-volatile semiconduc-
tor memory device, the method comprising:
forming consecutively a channel insulation layer, a charge
trapping layer, a blocking insulation layer, and a gate
electrode layer over a semiconductor substrate;

forming a first opening corresponding to a drain region in
the semiconductor substrate and a second opening cor-
responding to a source region in the semiconductor sub-
strate, the first opening having a first width and the
second opening having a second width, the first width
being larger than the second width;

depositing a first dielectric layer;

etching the first dielectric layer to expose the semiconduc-

tor substrate through the first opening but not through the
second opening;

forming a P-N junction at the drain region while no P-N

junction is formed at the source region;

removing the first dielectric layer; and

forming a metal layer over the source region and causing

the metal layer to react with the semiconductor substrate
to form a metal-semiconductor junction at the source
region.

2. The method of manufacturing a non-volatile semicon-
ductor memory device according to claim 1, wherein depos-
iting a first dielectric layer comprises depositing a first dielec-
tric layer having a thickness smaller than half the first width
but larger than half the second width.

3. The method of manufacturing a non-volatile semicon-
ductor memory device according to claim 1, wherein the
method further comprises implanting ions into the drain
region to form the P-N junction while covering the source
region with the first dielectric layer.

4. The method of manufacturing a non-volatile semicon-
ductor memory device according to claim 3, wherein the
method further comprises removing the first dielectric layer
before forming the metal layer.

5. The method of manufacturing a non-volatile semicon-
ductor memory device according to claim 1, wherein the
method further comprises forming dielectric sidewalls along
sides of the first and second openings after removing the first
dielectric layer.

6. The method of manufacturing a non-volatile semicon-
ductor memory device according to claim 1, wherein an
annealing process is used to cause the second metal layer to
react with the semiconductor substrate in the second opening
to form metal silicide, the metal silicide forming the metal-
semiconductor junction with the semiconductor substrate in
the second opening corresponding to the source region.

7. The method of manufacturing a non-volatile semicon-
ductor memory device according to claim 1, wherein the
method further comprises removing part of the metal layer
that has not reacted with the semiconductor substrate.

8. The method of manufacturing a non-volatile semicon-
ductor memory device according to claim 3, wherein the
semiconductor substrate is a P-type substrate and the ions are
N-type ions.



